Existence of the fourth family follows from the basics of the Standard Model and the actual mass spectrum of the third family fermions. We discuss possible manifestations of the fourth SM family at existing and future colliders. The LHC and Tevatron potentials to discover the fourth SM family have been compared. The scenario with dominance of the anomalous decay modes of the fourth family quarks has been considered in details.
I. INTRODUCTION
Even though the Standard Model with three fermion families (SM3) accounts for almost all of the large amount of the particle physics phenomena [1] , there are a number of fundamental problems which cannot be addressed in the framework of the SM3: quark-lepton symmetry, fermion's mass and mixing pattern, family replication and the number of families, L-R symmetry breaking, electroweak scale etc. In addition, SM3 contains unacceptably large number of arbitrary free parameters put by hand: 19 if the neutrinos are massless, 26 if neutrinos are Dirac particles and more than 30 if neutrinos are Majorana particles. Flavor Democracy Hypothesis (FDH), which is quite natural in respect to the SM basics, provides a partial solutions to the above-mentioned problems, namely: sheds light on fermion's mass and mixing pattern, implies the number of SM families to be 4 and reduces the number of free parameters [2] [3] [4] (see also reviews [5] [6] [7] [8] [9] [10] and references therein).
Historical analogy: Let us emphasize the analogy of today's SM fermions and parameters inflation with chemical elements inflation in 19th century and hadron inflation in 1950−1960.
The both cases have been clarified through four stages: systematics, predictions confirmed, clarifying experiments, new basic physics level (see Table I ). We have added the last row to the Table in order to reflect present situation in particle physics.
Let us remind that flavour physics met a lot of surprises. The first example was discovery of µ-meson (We were looking for π-meson predicted by Yukawa but discovered the "heavy electron"). The next example was represented by strange particles (later we understood that they contains strange quarks). The story was followed by τ -lepton, c-and b-quarks discovered in 1970's. Actually, c-quark was foreseen by GIM mechanism and quark-lepton symmetry and its mass was estimated in the few GeV region, whereas the discovery of τ -lepton and b-quark was completely surprising for physicists. According to the Standard Model they are the members of the third fermion family, which was completed by the discovery of t-quark in 1995 at Tevatron. Actually, we need at least three fermion families in order to handle CP-violation within the SM [11] . CP violation is necessary for the explanation of Barion Asymmetry of the Universe (BAU). Unfortunately, SM with three fermion families does not provide actual magnitude for BAU. Fortunately, the fourth SM family could provide additional factor of order of 10 10 and, therefore, solves the problem [12] . considered in Section 3. In Section 4 we consider pair production at the Tevatron and LHC with subsequent anomalous decays. Section 5 is devoted to investigation of anomalous resonant production of the fourth family quarks with subsequent anomalous decays. Finally, in Section 6 we present concluding remarks and recommendations.
II. WHY THE FOUR SM FAMILIES ?
First of all, the number of fermion families is not fixed by the SM. But the asymptotic freedom restricts this number from above, namely, N ≤ 8. Then, the number of SM families with "massless" neutrinos (which means m ν < m Z /2) is determined to be equal to 3 by the LEP1 data. Therefore, number of families could be any number between 3 and 8, inclusively.
The most of the free parameters (put by hand) in the SM comes from the Yukawa interactions between the SM fermions and the Higgs doublet, which provides fermion masses and mixings field. This is the second assumption of the FDH. After the SSB these assumptions in the case of N SM families result with N − 1 fermion families to be massless and the N'th family to be heavy and degenerate. By taking into consideration masses of the third SM family, the FDH implies at least the existence of the fourth SM family [2] [3] [4] . In this case, the masses of the first three family fermions come from the slight violation of the full democracy [15] [16] [17] .
There are two arguments against the existence of the fifth SM family [7, 9, 10] . The first one is the large value of the t-quark mass: in the case of 5 SM families the FDH gives m t << m 4 << m 5 , but it contradicts to partial-wave unitarity constraint m Q ≤ 700
GeV ≈ 4 m t . The second argument is the neutrino counting at the LEP1: data gives three "massless" non-sterile neutrinos, whereas in the case of the five SM families the FDH predicts this number to be four.
The main reason why the HEP community has objected against the fourth SM family so far comes from the incorrect interpretation of the electroweak precision data. This inter-pretation since 1990's has been included into PDG reports published bi-annually in leading HEP journals. It should be noted that recent opinion [18] of the writers of the corresponding part of PDG reports is not as strict as it was. Actually in a number of papers published during the last decade [19] [20] [21] [22] [23] [24] [25] [26] [27] it has been shown that the precision data and the SM4 are not mutually exclusive. It is interesting that the updated precision data is shifted into the direction of SM4 predictions. For the investigation of the compatibility of the precision data with the fourth SM family and other physics beyond the SM3 a new code named OPUCEM [27, 28] fermions is equal to the SU W (2) gauge constant g W (m H = 290 GeV corresponds to quartic coupling of Higgs field equal to g W ). Result is R = 0.97 which is two times better than SM3
value R = 1.7 (here R = Δχ 2 denotes the "distance" from the central values of S and T parameters, for details see [27, 28] ).
Actually, there is an infinite number of SM4 points (analog of the well known SUGRA points) which are in better agreemnet with precision EW data than the SM3. In Table II we present three of them. In Figure 1 we present these points in S-T plane together with SM3
predictions. It is seen that SM4 points are closer to central values of S and T parameters.
A. Indirect manifestations
The existence of the fourth SM family could lead to a number of different manifestations [13] , such as essential contribution to the baryon asymmetry of the Universe (SM3 case does not provide enough amount of CP violation), explanation for a 2.5σ deviation from SM3 predictions on B-meson decays observed by Tevatron and B-factories etc. It should be noted that these are not a validation, but just an indication of the fourth SM family, since there are a lot of models (including SUSY) which potentially could lead to the same manifestations.
However, the essential enhancement (from 9 times at m H ≈ 150 GeV to 4 times m H ≈ 500
GeV) of Higgs boson production via gluon-gluon fusion at hadron colliders [29] [30] [31] [32] [33] [34] [35] [36] [37] could not be provided by other models. This enhancement could give to Tevatron an opportunity to green, red and blue crucifixes correspond to SM4 points 1, 2 and 3 from ILC 1 e − e + , γe, γγ 0.5 100
ILC 2 e − e + , γe, γγ 0.8 100
CLIC 1 e − e + , γe, γγ 0.5 100
CLIC 2 e − e + , γe, γγ 1 100
Muon collider µµ 4 100 
B. Direct manifestations
Obviously, the discovery of the fourth SM family may be only provided by their production and observation at high energy colliders. The fourth family quarks will be copiously produced in pairs at the LHC [5, 30, 44] when the designed center of mass energy and luminosity values is achieved. However, Tevatron still has a chance to observe u 4 before the LHC if u 4 mass is less than 425 GeV (current low limit is 340 GeV from CDF with 4.6 f b −1 ). If the fourth family quarks mix dominantly with first two families, u 4 and d 4 quarks will give the same signature and observation limit will be extended to 450 GeV.
In Table III we present the center of mass energies and luminosity values of exsisting and planned TeV scale colliders (see [6, 8, 42, 43] Tables VI and VII it is given the classification of these papers according to colliders and processes considered. Table IV .
III. ANOMALOUS DECAY MODES
The effective Lagrangian for anomalous magnetic type interactions of the fourth family quarks is given as [53, 81, 82] : and gauge bosons [81, 82] . For numerical calculations we implement the Lagrangian (1), as well as fourth family SM Lagrangian into the CalcHEP package [83] .
The partial decay widths of u 4 for SM (u 4 → W + q where q = d, s, b) and anomalous (u 4 → γq, u 4 → Zq, u 4 → gq where q =u, c, t) modes are given below:
where 
where
The 
where χ Z = (2−y 
where χ 2 = (1 − 3y 2 q + 3y
One can wonder what is the criteria for the dominance of anomalous decay modes over SM ones. It is seen from Eq. (6)- (9) that the anomalous decay modes of the fourth SM family quarks are dominant, i.e. Γ( 
IV. PAIR d 4 PRODUCTION AT TEVATRON AND LHC WITH SUBSEQUENT ANOMALOUS DECAYS
In this section, we study pair production of This process will be seen in dedector as γ + 3j events, for background calculations we use MADGRAPH package [85] . 
A. Signal and Background Analysis at the Tevatron
Normalized transverse momentum (p T ) and pseudo-rapidity (η) distributions of final state partons (quarks, photon and gluon) for signal and background processes are shown in Fig.   12 and Fig. 13 , respectively. It is seen that p T > 50 GeV cut essentially reduces background, whereas signal is almost unaffected. In addition to p T > 50 GeV, we have used CDF cut value |η| < 2 for pseudo-rapidity, as well as invariant mass within ±20 GeV around d 4 mass.
In table VIII we present the values of the signal and background cross-sections for different cuts. [14] . All cuts
Statistical significance has been calculated by using following formula [86] :
where s and b represents the numbers of signal and background events, respectively.
In Fig. 14 we plot the neccesary luminosity for 2σ exclusion, 3σ observation and 5σ 15 and Fig. 16 , respectively. It is seen that p T > 50 GeV cut essentially reduces background, whereas signal is almost unaffected. In addition to p T > 50 GeV, we have used ATLAS cut value |η| < 2.5 for pseudo-rapidity, as well as invariant mass within ±20 GeV around d 4
mass. In Table X In Fig. 17 we plot the neccesary luminosity for 2σ exclusion, 3σ observation and 5σ In order to extract the u 4 signal and to suppress the background, the following cuts are applied: p T > 75 GeV and |η| < 2 for all final state partons and photon, as well as invariant mass within ±20 GeV around the u 4 mass. For the signal calculations κ/Λ = 0.1T eV −1 have been used.
In Fig. 21 we plot the neccesary luminosity for 2σ exclusion, 3σ observation and 5σ discovery limits depending on u 4 mass. Reachable masses for u 4 quark at different values of the Tevatron integrated luminosity are presented in Table XII . 
B. Signal and Background Analysis at the LHC
In order to determine appropriate kinematical cuts, p T and η distributions for signal and background processes are given in Fig. 22 and Fig. 23 , respectively.
In order to extract the u 4 signal and to suppress the background, the following cuts are 
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